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Abstract  12 
Objective: This cohort study investigated the association between dietary glycemic index (GI), 13 
glycemic load (GL), and the incidence of type 2 diabetes in middle-aged Japanese men, and the 14 
effect of insulin resistance and pancreatic B-cell function on the association.  15 
Materials/Methods: Participants were 1,995 male employees of a metal products factory in 16 
Japan. Dietary GI and GL were assessed using a self-administered diet history questionnaire. 17 
The incidence of diabetes was detected in annual medical examinations over a 6-year period. 18 
The association between GI and GL and the incidence of diabetes was evaluated using Cox 19 
proportional hazards models. 20 
Results: During the study, 133 participants developed diabetes. Age and body mass index 21 
(BMI)-adjusted hazard ratios (HRs) across the GI quintiles were 1.00 (reference), 1.62, 1.50, 22 
1.68, 1.80, and those of GL were 1.00 (reference), 1.07, 1.48, 0.95, 0.98. The HR for the highest 23 
GI quintile was significantly greater than that for the lowest quintile. The influence of GI was 24 
more pronounced in the lowest insulin resistance subgroups. GI and pancreatic B-cell function 25 
were independently associated with the incidence of type 2 diabetes; participants with low-B 26 
cell function and the highest tertile of GI had the highest risk of diabetes. 27 
Conclusions: Dietary GI is associated with the incidence of diabetes in middle-aged Japanese 28 
men. GI and B-cell function were independently associated with incidence of diabetes. GI is 29 
higher and B-cell function is lower in Asian people, as compared with Western people, and this 30 
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may result in a higher prevalence of diabetes in Asian populations.  31 
 32 
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1. Introduction 42 
The prevalence of type 2 diabetes is similar in Asian and Western countries even though the 43 
prevalence of obesity is lower in Asia [1]. The high incidence of diabetes in the relatively lean 44 
Asian population may be explained, in part, by the presence of more abdominal fat in Asians, as 45 
compared with Caucasians of a similar body mass index (BMI) [2,3]. Furthermore, non-obese 46 
Asians who have low pancreatic B-cell function are at high risk for diabetes [4–6]. 47 
 48 
Dietary factors may also play a role in the high incidence of diabetes in the Asian population. 49 
An association between dietary glycemic index (GI), glycemic load (GL), and the incidence of 50 
type 2 diabetes has been reported in Western countries [7–9]; however, the association between 51 
GI and type 2 diabetes in the Asian population is not clear because high GI rice is a significant 52 
part of the Asian diet [10–14], and Asian GI values are higher than those in Western countries 53 
[15–19]. At present, the only study examining the relationship between GI and type 2 diabetes 54 
in the Asian population was conducted in women [12], and none have investigated the 55 
association in Asian men.  56 
 57 
A high GI diet is associated with insulin resistance and postprandial hyperglycemia and 58 
hyperinsulinemia, which may cause pancreatic B-cell failure and diabetes mellitus [20]. 59 
However, no studies evaluating the influence of insulin resistance or B-cell function on the 60 
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association between GI and the incidence of diabetes have been reported. 61 
 62 
In this 6-year prospective study of Japanese men, we investigated the relationship between 63 
dietary GI, GL, and the risk of developing type 2 diabetes. The objectives of the study were to 64 
investigate whether dietary GI and GL are associated with the risk of diabetes and to examine 65 
the effect of insulin resistance and B-cell function on the relationship.  66 
 67 
2. Methods 68 
2.1. Participants 69 
The study participants were male employees of a factory that produces zippers and aluminum 70 
sashes in Toyama Prefecture, Japan. Detailed information on the study population has been 71 
previously reported [6, 13]. The Industrial Safety and Health Law in Japan requires that 72 
employers conduct annual health examinations for all employees. A test for diabetes mellitus 73 
was conducted during annual medical examinations between 2003 and 2009. In 2003, 2,275 74 
(89%) of 2,543 male employees aged 35–55 years received health examinations and responded 75 
to the diet survey. Of these 2,275 potential participants, 280 (12%) were excluded: 139 were 76 
diabetic or had high fasting plasma glucose (≥126 mg/dL) at the time of the baseline 77 
examination, 70 did not have fasting plasma insulin levels measured at the baseline 78 
examination, nine men had a total daily calorie intake below 500 kcal or above 5,000 kcal, and 79 
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62 did not participate in consecutive follow-up annual health examinations. Thus, 1,995 80 
participants were included in the present study. 81 
 82 
2.2. Data collection 83 
The annual health examination included a medical history, physical examination, 84 
anthropometric measurements, and the measurement of fasting plasma glucose, fasting insulin, 85 
glycated hemoglobin (HbA1c), and serum lipid levels. Height was measured without shoes to 86 
the nearest 0.1 cm using a stadiometer. Weight was measured, with participants wearing only 87 
light clothing and no shoes to the nearest 0.1 kg using a standard scale. BMI was calculated as 88 
weight/height2 (kg/m2). Blood pressure was measured using a mercury sphygmomanometer 89 
after the subject rested for 5 min in a seated position. All measurements were taken by trained 90 
staff. 91 
 92 
Plasma glucose levels were measured enzymatically using an Abbott glucose UV test (Abbott 93 
Laboratories, Chicago, IL, USA), and plasma insulin levels were determined using 94 
radioimmunoassay (Shionogi Co., Tokyo, Japan). HbA1c was measured by high-velocity liquid 95 
chromatography using a fully automated hemoglobin A1c analyzer (Kyoto Daiichi Kagaku, 96 
Kyoto, Japan). Total cholesterol and triglycerides were measured using an enzyme assay. 97 
High-density lipoprotein (HDL)-cholesterol was measured using direct methods. Insulin 98 
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resistance was calculated by the homeostasis model assessment (HOMA) method using the 99 
formula: HOMA-IR = fasting insulin (μU/mL) × fasting plasma glucose (mg/dL)/405 [21]. The 100 
HOMA of beta-cell function (HOMA-B) was calculated using the following formula: 101 
HOMA-B = 360 × fasting insulin (μU/mL)/[fasting plasma glucose (mg/dL) - 63] [21]. 102 
 103 
A questionnaire was used to identify voluntary health-related behaviors such as alcohol 104 
consumption, smoking, and habitual exercise. A self-administered questionnaire was also used 105 
to collect information about a medical history of hypertension, dyslipidemia, diabetes, the use 106 
of antidiabetic medication, and a family history of diabetes. High blood pressure and 107 
dyslipidemia were defined using the Japanese criteria for metabolic syndrome [22]: high blood 108 
pressure was defined as a systolic blood pressure ≥130 mmHg or a diastolic blood pressure ≥85 109 
mmHg; dyslipidemia was defined as serum triglycerides ≥150 mg/dL or HDL-cholesterol <40 110 
mg/dL.  111 
 112 
2.3. Dietary assessment and calculation of dietary GI and GL 113 
Dietary habits during the preceding month were assessed using a self-administered diet history 114 
questionnaire (DHQ) [23]. The DHQ was developed to estimate the dietary intakes of 115 
macronutrients and micronutrients for epidemiological studies in Japan. A detailed description 116 
of the methods used for calculating dietary intakes and the validity of the DHQ have been 117 
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reported previously [11, 24, 25]. Estimates of dietary intake for 147 food and beverage items, 118 
energy, and nutrients were calculated in 2007 using an ad hoc computer algorithm developed 119 
for the DHQ that was based on the Standard Tables of Food Composition in Japan [26]. 120 
 121 
Of the 147 food and beverage items included in the DHQ, six (4.1%) were alcoholic beverages, 122 
eight (5.4%) contained no available carbohydrate, and 63 (42.9%) contained less than 3.5 g of 123 
available carbohydrate per serving. The calculation of dietary GI and GL was thus based on the 124 
remaining 70 items. The GI databases used were an international table of GI [27], several 125 
publications concerning the GI of Japanese foods [28-30], recent articles on GI values 126 
published after the publication of the international GI table [31, 32], and an online database 127 
provided by the Sydney University Glycemic Index Research Service [33]. Although concerns 128 
have been expressed regarding the utility of GI for mixed meals (overall diet) [34,35], many 129 
researchers have shown that the GI of a mixed meal can be consistently predicted as the 130 
weighted mean of the GI values of each of the component foods [36, 37]. We calculated dietary 131 
GI by multiplying the percentage contribution of each food to the daily carbohydrate intake by 132 
the GI value of the food, and then summed these products. GL was calculated by multiplying 133 
the dietary GI by the total daily carbohydrate intake and dividing by 100. We used 134 




2.4. Diagnosis of diabetes  137 
Fasting plasma glucose and HbA1c were measured during the annual medical examinations. 138 
Participants with HbA1c >6.0% were given a 75g oral glucose tolerance test (OGTT). 139 
According to the definition of the American Diabetes Association [38] and the Japanese 140 
Diabetes Society [39], the diagnosis of diabetes was confirmed by at least one of the following 141 
observations: 1) a fasting plasma glucose concentration of ≥126 mg/dL, 2) 2 h glucose level of 142 
≥200 mg/dL in a 75g OGTT, or 3) treatment with insulin or an oral hypoglycemic agent. 143 
 144 
2.5. Statistical analysis 145 
We calculated the incidence rates and HRs for diabetes according to the quintile of dietary GI, 146 
dietary GL and total energy intake. The Cox proportional hazard model was used to calculate 147 
HRs adjusted for multiple variables, including age (<40, 40–44, 45–49, ≥50 years), BMI (<22, 148 
22–25, ≥25 kg/m2), family history of diabetes (no, yes), alcohol consumption determined by the 149 
DHQ (nondrinker, consumed <20 g/day, consumed ≥20 g/day), smoking status (never, 150 
ex-smoker, or current smoker), habitual exercise (no, yes), total energy intake (kcal/day, 151 
quintile), and dietary total fiber intake (g/1000 kcal, quintile). The HR for diabetes was 152 
calculated separately for BMI (<22, 22–25, ≥25 kg/m2), the HOMA-IR or HOMA-B tertile in 153 
each GI tertile, and the joint effects of GI and BMI, HOMA-IR, or HOMA-B by 154 
cross-classifying participants by both variables. The statistical analyses were conducted using 155 
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the Statistical Package for the Social Sciences (SPSS version 12.0J; Tokyo, Japan). A p-value of 156 
< 0.05 was deemed statistically significant.  157 
 158 
3. Results 159 
The mean participant age at baseline was 46.0 years and the mean BMI was 23.4 kg/m2. The 160 
mean dietary GI was 69.2 and the mean dietary GL (1,000 kcal) was 87.9. White rice was the 161 
largest contributor to dietary GI (61.2%), followed by noodles (5.4%), bread (5.2%), and 162 
confectioneries (4.9%).  163 
 164 
The participants’ baseline characteristics according to the dietary GI and GL quintile are shown 165 
in Table 1 (GI) and Table 2 (GL). No association was observed between dietary GI and age, 166 
BMI, serum lipid levels, fasting plasma glucose and insulin, blood pressure, prevalence of high 167 
blood pressure, or dyslipidemia. The higher GL quintiles were associated with significantly 168 
lower HDL-cholesterol, lower fasting plasma glucose, higher fasting insulin, lower 169 
systolic/diastolic blood pressure, and a lower prevalence of high blood pressure. Furthermore, 170 
high GI and GL were associated with lower dietary energy intake, lower fat intake, lower 171 
dietary fiber intake, and higher carbohydrate intake.  172 
 173 
During the 6-year follow up (8,988 person-years), we documented 133 cases of diabetes. 174 
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Among these, 115 diagnoses were based on high fasting plasma glucose levels, 16 were 175 
diagnosed according to a 75g OGTT, and two participants had been treated with hypoglycemic 176 
medication.  177 
 178 
The crude incidence rates (per 1,000 person-years) across the GI quintiles from lowest to 179 
highest were 10.1, 15.7, 13.6, 16.1, and 18.3, respectively (Table 3). The age- and 180 
BMI-adjusted HRs (Model 1) across the GI quintiles were 1.00 (reference), 1.62, 1.50, 1.68, 181 
and 1.80. The HR of the highest GI quintile was significantly higher than that of the lowest 182 
quintile. Further adjustment for family history of diabetes, alcohol intake, smoking, physical 183 
activity, the presence of high blood pressure, and dyslipidemia at baseline (Model 2) did not 184 
affect the HRs. When we used a model adjusted for the variables used in Model 2 plus dietary 185 
factors (Model 3), the HRs across the quintiles were higher than those in Models 1 and 2, and 186 
the HRs for the 4th and 5th quintiles were significantly higher than that of the 1st quintile.  187 
 188 
The crude incident rates (per 1,000 person-years) across the GL quintiles were 13.3, 15.0, 19.5,  189 
12.4, and 14.0 (Table 3). The age- and BMI-adjusted HRs across the BMI quintiles were 1.00 190 
(reference), 1.07, 1.48, 0.95, and 0.98, and no association was found between GL and the 191 
incidence of diabetes. The relationships remained non-significant even after additional 192 




Because GI was inversely associated with total energy intake and total fiber intake (Table 1) 195 
and positively associated with the incidence of diabetes, we further evaluated the association 196 
between total energy intake and total fiber intake and the incidence of diabetes (Table 3). There 197 
were no associations between the total energy intake, total fiber intake and incidence of 198 
diabetes. 199 
 200 
We analyzed the association between GI and the incidence of diabetes separately in subgroups 201 
based on the degree of BMI, insulin resistance, or pancreatic B-cell function at baseline. There 202 
were no differences in the associations between GI and baseline characteristics among the 203 
different BMI, insulin-resistance, and B-cell-function subgroups (Supplemental Table 1). High 204 
GI was associated with a significantly higher risk of diabetes in participants with a BMI < 22 205 
kg/m2, but not in the subgroup with a BMI of 22–24.9 kg/m2, or in participants with a BMI ≥ 25 206 
kg/m2 (Table 4). Similarly, significant positive associations were observed in participants in the 207 
lowest HOMA-IR and HOMA-B tertiles, but not in the other tertiles (Table 4). We examined 208 
the joint effects of GI and BMI/HOMA-IR/HOMA-B by cross-classifying participants by both 209 
variables (Figure 1). We found a significant interaction between GI and HOMA-IR (p = 0.005), 210 
and the influence of GI was more pronounced in the lowest HOMA-IR tertile subgroups. On the 211 
other hand, participants in the lowest HOMA-B tertile with the highest GI had the highest risk 212 
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of diabetes (Figure 1-C). We observed no interaction between GI and BMI or HOMA-B. 213 
 214 
 215 
4. Discussion 216 
This study investigated the association between dietary GI and GL and the incidence of type 2 217 
diabetes in middle-aged Japanese men. The results indicated that GI, but not GL, had a 218 
significant positive association with the incidence of diabetes. The analyses of insulin 219 
resistance and dietary GI indicated that the association between high dietary GI and type 2 220 
diabetes was stronger in the lowest HOMA-IR subgroup. Furthermore, GI and pancreatic B-cell 221 
function were independently associated with incidence of type 2 diabetes, and the participants 222 
with low-HOMA-B and the highest GI had the highest risk of diabetes. 223 
 224 
The results of previous studies that evaluated the association between dietary GI and incidence 225 
of diabetes were controversial [8]. Although some reports showed no association between GI 226 
and diabetes, other reports and a recent meta-analysis showed positive associations. Differences 227 
in these results are probably due to differences in participant characteristics such as age, gender, 228 
ethnicity, and lifestyle. All previous studies of the association between GI and GL and the risk 229 
of diabetes have been conducted in Western countries [7–9], with the exception of one Chinese 230 
study of women [12]. The present study is the first report on an association between GI and GL 231 
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and the risk of diabetes in Asian men. We found that the HR for the highest GI quintiles was 232 
1.80 (Model 1) to 1.96 (Model 3); these values are somewhat higher than those reported in 233 
previous studies (0.89–1.59 for multivariate adjusted models) [8]. 234 
 235 
The GL was not associated with the incidence of diabetes in our study, and our findings agree 236 
with those of previous studies showing that GI, but not GL, was associated with the incidence 237 
of diabetes [15, 19]. Although some studies have reported that dietary GL was associated with 238 
the risk of diabetes [12, 16], a meta-analysis comparing the highest and lowest GI and GL 239 
quintiles showed that the HR for developing diabetes was more highly associated with GI than 240 
GL [8]. Thus, dietary GI is a better predictor of the risk of diabetes than is dietary GL. 241 
 242 
High GI foods are thought to increase insulin resistance, impair pancreatic B-cell function, and 243 
eventually lead to type 2 diabetes [20]. The adverse effects of a high GI diet have been reported 244 
to be more evident in overweight or obese people, who, presumably, were insulin resistant at 245 
baseline [17, 40]. However, evidence of an effect of insulin resistance on the association 246 
between GI and diabetes is inconsistent. Some studies have shown that high GI was associated 247 
with a higher relative risk of diabetes in people who had a high BMI [12, 19], whereas other 248 
studies have indicated that high GI was more strongly associated with incidence of diabetes in 249 
people with a low BMI [9, 15]. These studies used obesity as a marker of insulin resistance, but 250 
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in our study, insulin resistance was directly measured by HOMA-IR; thus, we were able to 251 
compare the association between GI and the incidence of diabetes according to the degree of 252 
insulin resistance. We found a significant interaction between GI and HOMA-IR and also found 253 
a significant association between GI and the incidence of diabetes only in participants who 254 
were in the lowest tertile of HOMA-IR. Insulin resistance is a strong risk factor for type 2 255 
diabetes, and it may be difficult to detect the effect of other risk factors in participants with 256 
higher insulin resistance.  257 
 258 
In our study, GI and pancreatic B-cell function were independently associated with the 259 
incidence of diabetes, and participants with the lowest pancreatic B-cell function and the 260 
highest dietary GI were at the highest risk of diabetes. Dietary GI is higher in Asian populations 261 
than in Western populations. For example, the present study showed mean GI values of 69.2, 262 
which were similar to those previously reported in Japan [10, 14], and higher than the values 263 
(range 48–60) reported in US and European studies [15–19]. Furthermore, both obese and lean 264 
Asians who have lower B-cell function are at high risk for developing type 2 diabetes [4–6]. 265 
Our study indicates that the high prevalence of type 2 diabetes in Asian populations may be 266 
explained by high GI diets in people with lower B-cell function. Thus, an evaluation of the risk 267 





Individuals at high risk for diabetes are encouraged to increase their dietary fiber intake and to 271 
eat foods containing whole grains [41]. The consumption of such foods is associated with 272 
decreased dietary GI. However, the use of GI is recommended as an additional method for 273 
management of diabetes in an ADA position statement [41] and a recommendation of the 274 
American Dietetic Association [42] because the effects of lower-GI diets on glucose 275 
metabolism were conflicting [42]. In our study, total fiber intake was not associated with the 276 
incidence of diabetes. Furthermore, a higher GI was associated with a higher risk for diabetes, 277 
despite a lower total energy intake, and there was no association between total energy intake 278 
and the incidence of diabetes. The appropriate energy intake of each person is important for 279 
maintaining body weight and preventing obesity and diabetes. However, appropriate energy 280 
intake is influenced by many factors, including body composition and physical activity. It is 281 
difficult to evaluate the association between total energy intake itself with diabetes, and indices 282 
of the quality of food intake such as GI, rather than the quantity of food intake, would be more 283 
useful for a population approach. 284 
 285 
The strengths of this study include a large sample size, foods contributing to the dietary GI that 286 
differed from those in US and European populations, and the fact that it was the first study of 287 
the relationship between GI and the incidence of diabetes conducted in Japanese men. 288 
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Moreover, several previous cohort studies used information collected from self-administered 289 
questionnaires, whereas our conclusions are based on more reliable data, obtained from medical 290 
examinations and fasting blood glucose and insulin levels, HOMA-IR, and HOMA-B. 291 
Additionally, GI and GL were calculated using responses to a validated questionnaire [11]. A 292 
limitation of the present study is that the sample included only people who were employed. 293 
Poor health may exclude some individuals from working; thus, the prevalence of obesity may 294 
be lower in our sample than in the general Japanese population. Another limitation is that we 295 
did not measure waist circumference at baseline, which might have provided more information 296 
about abdominal fat accumulation and insulin resistance than measuring BMI did. A further 297 
limitation of the present study is that we did not determine whether the diabetes that developed 298 
was type 1 or type 2. However, the study participants were middle-aged men and, as the 299 
condition was detected in an annual medical check-up, with relatively mild diabetes being 300 
found, it is most likely that the cases were type 2 diabetes. 301 
 302 
In conclusion, our results indicate that dietary GI is associated with the incidence of diabetes in 303 
middle-aged Japanese men. Dietary GI and pancreatic B-cell function were independently 304 
associated with the incidence of diabetes. Dietary GI is higher and pancreatic B-cell function is 305 
lower in Asian people, as compared with Western people, and this may result in a higher 306 
prevalence of diabetes in Asian populations. Our findings suggest that a low GI diet may be 307 
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beneficial in preventing type 2 diabetes mellitus in Asian people.  308 
 309 
 310 
Acknowledgements  311 
This study was supported by a Grant-in-Aid from the Ministry of Health, Labor and Welfare, 312 
Health and Labor Science Research Grants, Japan (Comprehensive Research on 313 
Cardiovascular and Life-Style Related Disease: H18, 19-Junkankitou [Seishuu] - Ippan – 012 314 
and H20, 21- Junkankitou [Seishuu] - Ippan - 013, -021); a Grant-in-Aid from the Ministry of 315 
Education, Culture, Sports, Science and Technology of Japan for Scientific Research (B) 316 
20390188, and for Young Scientists 20790449; a Grant for Promoted Research from Kanazawa 317 
Medical University (S2008-5); and the Japan Arteriosclerosis Prevention Fund.  318 
 319 
Conflict-of-interest disclosure: None. 320 
 321 
Author Contributions: M.S. collected the data, performed the analysis, and wrote the 322 
manuscript; K.N., K. M., M.I., Y.M., T.K., N.Y., and H.N. collected the data, contributed to the 323 
Discussion, and reviewed/edited the manuscript; T.T., K.Y., Y.S., S.K., and S.S. contributed to 324 





1. Yoon KH, Lee JH, Kim JW, et al. Epidemic obesity and type 2 diabetes in Asia. Lancet 328 
2006;368:1681–1688. 329 
2. Park YW, Allison DB, Heymsfield SB, et al. Larger amounts of visceral adipose tissue in 330 
Asian Americans. Obes Res 2001;9:381–387. 331 
3. He Q, Horlick M, Thornton J, et al. Sex and race differences in fat distribution among Asian, 332 
African-American, and Caucasian prepubertal children. J Clin Endocrinol Metab 333 
2002;87:2164–2170. 334 
4. Chen KW, Boyko EJ, Bergstrom RW, et al. Earlier appearance of impaired insulin secretion 335 
than of visceral adiposity in the pathogenesis of NIDDM. 5-Year follow-up of initially 336 
nondiabetic Japanese-American men. Diabetes Care 1995;18:747–753. 337 
5. Matsumoto K, Miyake S, Yano M, et al. Glucose tolerance, insulin secretion, and insulin 338 
sensitivity in nonobese and obese Japanese subjects. Diabetes Care 1997;20:1562–1568. 339 
6. Sakurai M, Miura K, Takamura T, et al. J-shaped relationship between waist circumference 340 
and subsequent risk for Type 2 diabetes: an 8-year follow-up of relatively lean Japanese 341 
individuals. Diabet Med 2009;26:753–9. 342 
7. Willett W, Manson J, Liu S. Glycemic index, glycemic load, and risk of type 2 diabetes. Am 343 
J Clin Nutr 2002;76:274S–280S. 344 
8. Barclay AW, Petocz P, McMillan-Price J, et al. Glycemic index, glycemic load, and chronic 345 
21 
 
disease risk--a meta-analysis of observational studies. Am J Clin Nutr 2008;87:627–637. 346 
9. Krishnan S, Rosenberg L, Singer M, et al. Glycemic index, glycemic load, and cereal fiber 347 
intake and risk of type 2 diabetes in US black women. Arch Intern Med. 2007;167:2304–2309. 348 
10. Murakami K, Sasaki S, Takahashi Y, et al. Dietary glycemic index and load in relation to 349 
metabolic risk factors in Japanese female farmers with traditional dietary habits. Am J Clin 350 
Nutr 2006;83:1161–1169. 351 
11. Murakami K, Sasaki S, Takahashi Y, et al. Reproducibility and relative validity of dietary 352 
glycemic index and load assessed with a self-administered diet-history questionnaire in 353 
Japanese adults. Br J Nutr 2008;99:639–648. 354 
12. Villegas R, Liu S, Gao YT, et al. Prospective study of dietary carbohydrates, glycemic index, 355 
glycemic load, and incidence of type 2 diabetes mellitus in middle-aged Chinese women. Arch 356 
Intern Med 2007;167:2310–2316. 357 
13. Nakashima M, Sakurai M, Nakamura K, et al. Dietary Glycemic index, glycemic load and 358 
blood lipid levels in middle-aged Japanese men and women. J Atheroscler Thromb 359 
2010;17:1082-1095. 360 
14. Oba S, Nagata C, Nakamura K, et al. Dietary glycemic index, glycemic load, and intake of 361 
carbohydrate and rice in relation to risk of mortality from stroke and its subtype in Japanese 362 
men and women. Metabolism 2010;59:1574–1582. 363 
15. Salmeron J, Manson JE, Stampfer MJ, et al. Dietary fiber, glycemic load, and risk of 364 
22 
 
non-insulin-dependent diabetes mellitus in women. JAMA 1997;277:472–477.  365 
16. Salmeron J, Ascherio A, Rimm EB, et al. Dietary fiber, glycemic load, and risk of NIDDM 366 
in men. Diabetes Care 1997;20:545–550. 367 
17. Liu S, Manson JE, Stampfer MJ, et al. Dietary glycemic load assessed by food-frequency 368 
questionnaire in relation to plasma high-density-lipoprotein cholesterol and fasting plasma 369 
triacylglycerols in postmenopausal women. Am J Clin Nutr 2001;73:560–566. 370 
18. Stevens J, Ahn K, Juhaeri, et al. Dietary fiber intake and glycemic index and incidence of 371 
diabetes in African-American and white adults: the ARIC study. Diabetes Care 372 
2002;25:1715–1721.  373 
19. Schulze MB, Liu S, Rimm EB, et al. Glycemic index, glycemic load, and dietary fiber 374 
intake and incidence of type 2 diabetes in younger and middle-aged women. Am J Clin Nutr 375 
2004;80:348–356. 376 
20. Ludwig DS. The glycemic index: physiological mechanisms relating to obesity, diabetes, 377 
and cardiovascular disease. JAMA 2002;287:2414–2423. 378 
21. Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model assessment: insulin 379 
resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. 380 
Diabetologia 1985;28:412–419. 381 
22. The Examination Committee of Criteria for Metabolic Syndrome. Definition and Criteria of 382 
Metabolic Syndrome. J Jpn Soc Int Med 2005;94:794–809 (in Japanese). 383 
23 
 
23. Sasaki S, Yanagibori R, Amano K. Self-administered diet history questionnaire developed 384 
for health education: a relative validation of the test-version by comparison with 3-day diet 385 
record in women. J Epidemiol 1998;8:203–215.   386 
24. Sasaki S, Ushio F, Amano K, et al. Serum biomarker-based validation of a self-administered 387 
diet history questionnaire for Japanese subjects. J Nutr Sci Vitaminol 2000;46:285–296. 388 
25. Okubo H, Sasaki S, Rafamantanantsoa HH, et al. Validation of self-reported energy intake 389 
by a self-administered diet history questionnaire using the doubly labeled water method in 140 390 
Japanese adults. Eur J Clin Nutr 2008;62:1343–1350. 391 
26. Science and Technology Agency. Standard Tables of Food Composition in Japan, 5th ed., 392 
Tokyo: Printing Bureau of the Ministry of Finance; 2005 (in Japanese). 393 
27. Foster-Powell K, Holt SH, Brand-Miller JC. International table of glycemic index and 394 
glycemic load values. Am J Clin Nutr 2002;76:5–56. 395 
28. Sugiyama M, Tang AC, Wakaki Y, Koyama W. Glycemic index of single and mixed meal 396 
foods among common Japanese foods with white rice as a reference food. Eur J Clin Nutr 397 
2003;57:743–752. 398 
29. Sugiyama M, Wakaki Y, Nakamoto N, et al. The study of rice and glycemic index. J Jpn Soc 399 
Nutr Care Manage 2003;3:1–15 (in Japanese). 400 
30. Hashizume N, Ihara H, Kakinoki T, et al. Response to blood glucose and insulin by 401 
Japanese foods in healthy subjects. J Jpn Soc Clin Nutr 2004;25:222–225. 402 
24 
 
31. Fernandes G, Velangi A, Wolever TM. Glycemic index of potatoes commonly consumed in 403 
North America. J Am Diet Assoc. 2005;105:557–562. 404 
32. Henry CJK, Lightowler HJ, Strik CM, et al. Glycaemic index and glycaemic load values for 405 
commercially available products in the UK. Br J Nutr 2005;94:922–930. 406 
33. Sydney University Glycemic Index Research Service. The official website of the glycemic 407 
index and GI database. Available at: http://www.glycemicindex.com. Accessed February 1, 408 
2007. 409 
34. Coulston AM, Hollenbeck CB, Swislocki AL, Reaven GM. Effect of source of dietary 410 
carbohydrate on plasma glucose and insulin responses to mixed meals in subjects with NIDDM. 411 
Diabetes Care 1987;10:395–400.  412 
35. Hollenbeck CB, Coulston AM. The clinical utility of the glycemic index and its application 413 
to mixed meals. Can J Physiol Pharmacol 1991;69:100–107.  414 
36. Wolever TM, Jenkins DJ. The use of the glycemic index in predicting the blood glucose 415 
response to mixed meals. Am J Clin Nutr 1986;43:167–172.  416 
37.Wolever TM, Jenkins DJ, Jenkins AL, Josse G. The glycemic index: methodology and 417 
clinical implications. Am J Clin Nutr 1991;54:846–854. 418 
38. Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. 419 
Diabetes Care 1997;20:1183-1197. 420 
39. The Committee of Japan Diabetes Society on the diagnostic criteria of diabetes mellitus. 421 
25 
 
Report of the Committee on the Classification and Diagnostic Criteria of Diabetes Mellitus. J 422 
Jpn Diabetes Soc 2010;53:450-467 (in Japanese). 423 
40. Liu S, Manson JE, Buring JE, et al. Relation between a diet with a high glycemic load and 424 
plasma concentrations of high-sensitivity C-reactive protein in middle-aged women. Am J Clin 425 
Nutr 2002;75:492–498. 426 
41. American Diabetes Association. Standards of medical care in diabetes—2011. Diabetes 427 
Care 2011;34:S11-S61. 428 
42. Franz MJ, Powers MA, Leontos C, et al. The evidence for medical nutrition therapy for type 429 
1 and type 2 diabetes in adults. J Am Diet Assoc 2010;110:1852-89. 430 
26 
 
Table 1. Baseline characteristics of study participants according to dietary glycemic index quintiles 
 Q1 (lowest) Q2 Q3 Q4 Q5 (highest) 
pb 
Glycemic index < 66.2 66.2–68.5 68.6–70.4 70.5–72.6 ≥ 72.7 
Age(y) 45.7 ± 6.0  46.2 ± 6.0  45.7 ± 6.2  46.0 ± 6.1  46.3 ± 5.8  0.286 
Height (cm) 169.7 ± 6.0 169.7 ± 6.1 170.0 ± 5.9 169.3 ± 5.9 169.1 ± 6.1 0.113 
Weight (kg) 68.2 ± 9.6 67.5 ± 9.5 67.0 ± 9.0 67.3 ± 9.5 67.3 ± 9.3 0.178 
Body mass index (kg/m2) 23.6 ± 2.9  23.4 ± 2.9  23.1 ± 2.8  23.4 ± 2.8  23.5 ± 2.9  0.541 
Total cholesterol (mg/dL) 207.5 ± 34.0  208.6 ± 33.5  208.4 ± 35.1  210.8 ± 33.8  201.9 ± 31.5  0.101 
Triglycerides (mg/dL)a 106 (68–157)  103 (69–151) 114 (78–168) 103 (66–156) 97 (67–143) 0.073 
HDL cholesterol (mg/dL) 57.9 ± 14.9  57.3 ± 13.2  58.7 ± 15.4  57.9 ± 15.1  58.4 ± 14.6  0.522 
Fasting plasma glucose (mg/dL) 92.5 ± 10.1  92.8 ± 9.4  92.5 ± 9.6  93.4 ± 10.4  93.0 ± 9.6  0.300 
Fasting insulin (μU/mL)a 5.1 (3.0–7.3) 4.9 (3.0–7.0) 4.7 (3.0–7.0) 5.0 (3.0–8.0) 4.7 (3.0–7.0) 0.129 
HOMA-IRa 1.15 (0.73–1.74) 1.10 (0.70–1.67) 1.06 (0.73–1.62) 1.13 (0.69–1.76) 1.07 (0.68–1.53) 0.212 
HOMA-Ba 66.2 (43.5–94.1) 60.9 (40.0–92.8) 60.6 (40.0–90.0) 61.4 (41.5–93.9) 59.6 (39.8–90.0) 0.026 
Glycated hemoglobin A1c (%) 5.0 ± 0.4  5.0 ± 0.4  5.0 ± 0.4  5.0 ± 0.5  5.0 ± 0.4  0.954 
Systolic blood pressure (mmHg) 120.5 ± 18.0  119.8 ± 17.4  120.4 ± 15.1  121.9 ± 18.8  120.2 ± 20.9  0.668 
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Diastolic blood pressure (mmHg) 77.9 ± 12.9  76.9 ± 12.1  78.0 ± 11.1  78.6 ± 13.4  77.6 ± 14.6  0.765 
Family history of diabetes (%) 13.9  12.6  14.0  14.7  12.2  0.837 
Smoking status      0.001 
  Non-smoker (%) 33.3  32.1  29.7  30.8  28.2   
  Ex-smoker (%) 16.2  15.2  14.5  16.4  11.7   
  Current smoker (%) 50.5  52.8  55.9  52.7  60.2   
Alcohol intake      0.333 
  Non-drinker (%) 21.4  24.5  24.4  27.1  21.6   
  Light drinker (<20g/day; %) 36.3  34.6  33.7  32.3  30.7   
  Moderate/heavy drinker 
(≥20g/day; %) 
42.3  40.9  41.9  40.5  47.7   
Habitual exercise – Yes (%) 33.6  30.8  25.4  25.9  25.1  0.021 
Prevalence of high blood pressurec 
(%) 
8.7  8.8  6.3  10.4  7.9  0.302 
Prevalence of dyslipidemiac (%) 10.2  10.1  9.0  9.0  6.6  0.402 
Glycemic index 63.4 ± 2.8  67.5 ± 0.7  69.5 ± 0.5  71.5 ± 0.6  74.2 ± 1.3  <0.001 
Glycemic load (/1,000 kcal) 76.0 ± 16.2  85.1 ± 15.0  87.7 ± 17.0  92.9 ± 16.6  97.7 ± 19.9  <0.001 
Total energy intake (kcal/day) 2383 ± 695  2270 ± 631  2198  ± 586  2096 ± 518  2044 ± 559  <0.001 
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Total fiber intake (g/1,000 kcal) 5.7 ± 1.5  5.3 ± 1.3  4.9 ± 1.3  4.7 ± 1.2  4.0 ± 1.2  <0.001 
Protein (% energy) 12.5 ± 2.3  12.1 ± 2.2  11.6 ± 2.0  11.6 ± 2.0  10.8 ± 2.1  <0.001 
Fat (% energy) 24.1 ± 6.7  22.4 ± 6.1  21.6 ± 6.3  20.8 ± 5.9  18.4 ± 6.3  <0.001 
Carbohydrates (% energy) 54.9 ±9.1  57.3 ± 8.0  57.3 ± 8.9  58.9 ± 8.2  59.7 ± 9.2  <0.001 
Values are mean ± standard deviation or %. 
aValues are geometric means (interquartile range). 
bLinear regression was used for continuous variables based on ordinal variables containing the median value for each quintile, and a chi-squared test 
was used for categorical variables.   
cHigh blood pressure and dyslipidemia were defined using the Japanese criteria for metabolic syndrome. 
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Table 2. Baseline characteristics of study participants according to dietary glycemic load quintiles 
 Q1 (lowest) Q2 Q3 Q4 Q5 (highest) 
pb 
Glycemic load (/1,000 kcal) < 72.8 72.8–83.1 83.2–91.5 91.6–103.3 ≥103.4 
Age(y) 45.4 ± 6.0  46.5 ± 6.0  45.9 ± 6.2  45.9 ± 5.9  46.2 ± 6.1  0.264  
Height (cm) 169.7 ± 5.9 169.9 ± 6.0 169.6 ± 5.8 169.4 ± 5.8 169.2 ± 6.4 0.102 
Weight (kg) 67.9 ± 9.4 67.8 ± 9.3 67.3 ± 9.6 66.8 ± 8.6 67.4 ± 9.9 0.178 
Body mass index (kg/m2) 23.5 ± 2.8  23.4 ± 2.8  23.3 ± 2.8  23.2 ± 2.8  23.5 ± 3.1  0.650  
Total cholesterol (mg/dL) 206.8 ± 33.4  205.8 ± 34.7  206.4 ± 35.2  208.6 ± 31.6  209.8 ± 33.4  0.101  
Triglycerides (mg/dL)a 108 (69–161) 100 (66–150) 109 (71–160) 99 (67–147) 106 (71–157) 0.772  
HDL cholesterol (mg/dL) 61.5 ± 15.5  58.8 ± 13.7  57.3 ± 15.3  57.7 ± 14.5  54.9 ± 13.4  <0.001 
Fasting plasma glucose (mg/dL) 93.6 ± 9.9  93.2 ± 9.6  93.1 ± 10.6  92.3 ± 9.7  92.0 ± 9.3  0.010  
Fasting insulin (μU/mL)a 4.5 (3.0–7.0) 4.8 (3.0–7.0) 5.0 (3.0–7.3) 4.9 (3.0–7.0) 5.1 (3.0–8.0) 0.003  
HOMA-IRa 1.03 (0.66–1.64) 1.09 (0.69–1.66) 1.14 (0.75–1.76) 1.11 (0.72–1.60) 1.15 (0.73–1.76) 0.015  
HOMA-Ba 55.3 (37.9–81.3) 59.8 (40.0–83.1) 64.1 (44.7–96.0) 63.7 (41.5–93.9) 66.4 (43.2–102.9) <0.001 
Glycated hemoglobin A1c (%) 5.0 ± 0.4  5.0 ± 0.4  5.0 ± 0.4  5.0 ± 0.4  5.0 ± 0.4  0.747  
Systolic blood pressure (mmHg) 123.1 ± 16.7  120.6 ± 18.7  121.1 ± 17.6  119.4 ± 17.1  118.6 ± 20.2  <0.001 
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Diastolic blood pressure (mmHg) 79.9 ± 12.0  78.4 ± 13.4  78.1 ± 12.2  76.5 ± 12.1  76.1 ± 14.3  <0.001 
Family history of diabetes (%) 12.0  13.5  16.1  13.8  12.2  0.451  
Smoking status      0.021  
  Non-smoker (%) 23.0  29.9  30.9  34.3  36.1   
  Ex-smoker (%) 17.8  15.5  14.6  16.5  9.6   
  Current smoker (%) 59.3  54.6  54.5  49.3  54.3   
Alcohol intake      <0.001 
  Non-drinker (%) 6.5  12.7  16.3  33.3  50.5   
  Light drinker (<20g/day; %) 17.5  29.9  42.5  40.8  37.1   
  Moderate/heavy drinker 
(≥20g/day;%) 
76.0  57.4  41.2  26.0  12.4   
Habitual exercise – Yes (%) 28.8  31.7  29.4  29.5  21.5  0.018  
Prevalence of high blood pressurec 
(%) 
11.8  8.0  8.8  7.0  6.6  0.070  
Prevalence of dyslipidemiac (%) 8.7  7.8  10.1  9.5  8.9  0.833  
Glycemic index 67.1 ± 4.7  68.3 ± 3.7  69.2 ± 3.3  70.0 ± 3.3  71.4 ± 3.0  <0.001 
Glycemic load (/1,000 kcal) 62.7 ± 8.8  78.0 ± 3.0  87.2 ± 2.5  97.1 ± 3.3  114.4 ± 9.6  <0.001 
Total energy intake (kcal/day) 2394 ± 616  2299 ± 581  2183 ± 578  2104 ± 556  2011 ± 653  <0.001 
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Total fiber intake (g/1,000 kcal) 4.9 ± 1.6  5.1 ± 1.5  5.0 ± 1.3  4.9 ± 1.4  4.6 ± 1.3  0.001  
Protein (% energy) 12.7 ± 2.8  12.3 ± 2.1  11.8 ± 1.9  11.5 ± 1.6  10.3 ± 1.6  <0.001 
Fat (% energy) 25.7 ± 7.7  23.7 ± 5.7  22.1 ± 5.3  20.1 ± 4.2  15.7 ± 4.4  <0.001 
Carbohydrates (% energy) 46.0 ± 5.6  53.3 ± 3.2  57.5 ± 2.8  62.0 ± 2.9  69.4 ± 4.5  <0.001 
Values are mean ± standard deviation or %. 
aValues are geometric means (interquartile range). 
bLinear regression was used for continuous variables based on ordinal variables containing the median value for each quintile, and a chi-squared test 
was used for categorical variables.   




Table 3. Adjusted hazard ratio for type 2 diabetes according to quintiles of glycemic index, glycemic load, total energy intake, and total fiber intake 
in 1,995 Japanese men 
    Q1 (lowest) Q2 Q3 Q4 Q5 (highest) 
Glycemic index      
 N 402 396 401 402 394 
 Total person-years 1786 1778 1766 1796 1862 
 Incident cases (n) 18 28 24 29 34 
 Rate per 1,000 person-years 10.1 15.7 13.6 16.1 18.3 
 Adjusted hazard ratio (95% CI) Model 1 1.00 (reference) 1.62 (0.89–2.93) 1.50 (0.81–2.77) 1.68 (0.93–3.03) 1.80 (1.01–3.18) 
 Adjusted hazard ratio (95% CI) Model 2 1.00 (reference) 1.68 (0.92–3.04) 1.56 (0.84–2.89) 1.73 (0.96–3.13) 1.88 (1.06–3.35) 
 Adjusted hazard ratio (95% CI) Model 3 1.00 (reference) 1.71 (0.94–3.10) 1.66 (0.89–3.10) 1.86 (1.01–3.44) 1.96 (1.04–3.67) 
Glycemic load      
 N 400 401 398 400 396 
 Total person-years 1733 1735 1739 1856 1924 
 Incident cases (n) 23 26 34 23 27 
 Rate per 1,000 person-years 13.3 15.0 19.5 12.4 14.0 
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 Adjusted hazard ratio (95% CI) Model 1 1.00 (reference) 1.07 (0.61–1.88) 1.48 (0.87–2.52) 0.95 (0.53–1.70) 0.98 (0.56–1.72) 
 Adjusted hazard ratio (95% CI) Model 2 1.00 (reference) 1.14 (0.65–2.02) 1.54 (0.89–2.65) 1.07 (0.58–1.96) 1.23 (0.67–2.28) 
 Adjusted hazard ratio (95% CI) Model 3 1.00 (reference) 1.16 (0.66–2.06) 1.56 (0.89–2.71) 1.07 (0.57–1.99) 1.24 (0.65–2.34) 
Total energy intake (range, kcal/day) (<1,703) (1,703–1,971) (1,972–2,246) (2,247–2,641) (>2,641) 
 N 399 399 399 399 399 
 Total person-years 1,790 1,776 1,748 1,758 1,917 
 Incident cases (n) 24 24 32 24 26 
 Rate per 1,000 person-years 13.4 14.6 18.3 14.2 13.6 
 Adjusted hazard ratio (95% CI) Model 1 1.00 (reference) 1.13 (0.65–1.96) 1.49 (0.88–2.54) 1.11 (0.63–1.95) 1.00 (0.57–1.74) 
 Adjusted hazard ratio (95% CI) Model 2 1.00 (reference) 1.10 (0.63–1.92) 1.44 (0.84–2.48) 1.06 (0.60–1.87) 0.97 (0.55–1.71) 
 Adjusted hazard ratio (95% CI) Model 3 1.00 (reference) 1.12 (0.64–1.97) 1.45 (0.84–2.49) 1.07 (0.60–1.91) 0.97 (0.55–1.72) 
Total fiber intake (range, g/1,000kcal) (<3.7) (3.8–4.5) (4.6–5.2) (5.3–6.0) (>6.0) 
 N 400 450 391 370 384 
 Total person-years 1,938 2,016 1,781 1,590 1,663 
 Incident cases (n) 35 26 17 23 32 
 Rate per 1,000 person-years 18.1  12.9  9.5  14.5  19.2  
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 Adjusted hazard ratio (95% CI) Model 1 1.00 (reference) 0.73 (0.44–1.22) 0.56 (0.31–1.01) 0.80 (0.47–1.35) 0.99 (0.61–1.60) 
 Adjusted hazard ratio (95% CI) Model 2 1.00 (reference) 0.73 (0.44–1.23) 0.59 (0.32–1.05) 0.83 (0.48–1.43) 0.98 (0.59–1.64) 
 Adjusted hazard ratio (95% CI) Model 3 1.00 (reference) 0.72 (0.43–1.21) 0.59 (0.33–1.06) 0.84 (0.49–1.45) 0.99 (0.59–1.66) 
Model 1, adjusted for age and body mass index; Model 2, adjusted for age, body mass index, family history of diabetes, smoking, alcohol intake, 
habitual exercise, and presence of hypertension and hyperlipidemia at baseline; Model 3, adjusted for variables used in Model 2 and dietary total 






Table 4. Incidence and adjusted hazard ratiosa for type 2 diabetes according to glycemic index tertiles of body mass index, HOMA-IR and 
HOMA-B in 1,995 Japanese men 
Glycemic index tertiles (range) 
    T1 (< 68.0) T2 (68.0-71.0) T3 (≥ 71.1) p for trendb 
Body mass index (kg/m2) 
     < 22.0 
Incident cases (n)/N 3/203 11/227 15/206 
Crude rate per 1,000 person-years 3.2  10.4  15.1  
Multivariate-adjusted HR (95% CI) 1.00 (reference) 4.09 (1.13-14.9) 5.78 (1.63-20.5) 0.005 
     22.0-24.9 
Incident cases (n)/N 14/278 14/257 18/272 
Crude rate per 1,000 person-years 11.5  12.4  14.4  
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.10 (0.52-2.34) 1.20 (0.59-2.44) 0.608 
     ≥25.0 
Incident cases (n)/N 19/196 20/169 19/187 
Crude rate per 1,000 person-years 21.9  28.8  22.5  
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.41 (0.75-2.66) 1.11 (0.58-2.11) 0.719 
HOMA-IR tertiles 
     < 0.85 
Incident cases (n)/N 4/217 8/207 16/219 
Crude rate per 1,000 person-years 4.1  8.5  15.4  
Multivariate-adjusted HR (95% CI) 1.00 (reference) 2.07 (0.61-6.95) 3.67 (1.21-11.2) 0.015 
     0.85-1.43 
Incident cases (n)/N 10/222 9/232 21/240 
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Crude rate per 1,000 person-years 10.2  8.6  18.6  
Multivariate-adjusted HR (95% CI) 1.00 (reference) 0.78 (0.31-1.94) 1.58 (0.73-3.41) 0.221 
     ≥ 1.44 
Incident cases (n)/N 22/238 28/214 15/206 
Crude rate per 1,000 person-years 20.5  31.4  16.3  
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.73 (0.98-3.05) 0.83 (0.43-1.62) 0.472 
HOMA-B tertiles 
     < 48.4 
Incident cases (n)/N 16/227 23/230 31/226 
Crude rate per 1,000 person-years 16.1  23.0  30.0  
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.64 (0.86-3.13) 1.86 (1.01-3.44) 0.049  
     48.4-79.3 
Incident cases (n)/N 10/218 11/205 12/224 
Crude rate per 1,000 person-years 10.3  11.8  11.5  
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.34 (0.56-3.20) 1.26 (0.53-3.00) 0.600  
     ≥79.4 
Incident cases (n)/N 10/232 11/218 9/215 
Crude rate per 1,000 person-years 9.4  11.6  8.9  
  Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.39 (0.58-3.31) 0.93 (0.37-2.34) 0.922  
HR, hazard ratio. 
aAdjusted for age, body mass index, family history of diabetes, smoking, alcohol intake, habitual exercise, and presence of hypertension and 
hyperlipidemia at baseline. 




Figure 1. Adjusted hazard ratios for type 2 diabetes by different levels of glycemic index and 
body mass index (A), HOMA-IR (B), and HOMA-B (C) in 1,995 Japanese men  
HRs were adjusted for age, body mass index, family history of diabetes, smoking, alcohol 
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